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REMARKABLE FORMS IN THE DESMID FLORA 

OF A SMALL MOUNTAIN BOG IN THE FRENCH JURA 

F.A.C. KOUWETS* 

ABSTRACT  The desmid flora of two small bog pools in the French Jura is investigated. 
The morphological variability of 16 taxa is described and taxonomically discussed. A num- 
ber of these taxa showed remarkable deviations in radiation or ornamentation as compared 
with their usual manifestation. These deviating morphae might be related to an ecological 
stress situation caused by a desiccating habitat and high irradiance intensity. One taxon, 
Actinotaenium geniculatum, is newly described. 

RESUME  La flore desmidiale de deux petites mares tourbeuses dans le Jura frangais 
est examinée. La variabilité morphologique de 16 taxons est décrite et leur taxonomie 
est discutée. En comparaison de leur manifestation normale, un certain nombre de ces 
taxons montraient des déviations remarquables dans leur radiation ou leur ornementation. 
Ces formes aberrantes pourraient se rattacher à une situation de stress écologique, provo- 
quée par un habitat s asséchant et une insolation intense, Actinotaenium geniculatum est 
décrit comme nouveau taxon. 

KEY WORDS : desmids, morphological variability, taxonomy, Jura, France. 

INTRODUCTION 

New desmid taxa are frequently described on the basis of only one or a very 
few specimens. In doing so, often excessive taxonomic value is attached to small 
morphological differences, which has led to a large number of taxonomically 
insignificant varieties and forma s (Fritsch, 1953; Grönblad & Rü i ka, 1959). 
Although morphological variability was already recognized at an carly date 
(Borge, 1896; G.S. West, 1899; Playfair, 1910; Ducellier, 1915), correct taxo- 
nomic consequences  i.e. lumping of taxa  were only seldom attached to it 
(cf. Lefèvre, 1939). 

Only in recent times a number of papers appeared in which the taxonomy 
of desmid species has been revised on the basis of morphological variation 
within a larger population (e. g. Péterfi, 1972; Sormus & Bicudo, 1974; Gerrath, 
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1983; South, 1984; Kouwets, 1984). At present, however, the variability of 
many common taxa is still poorly known and not seldom only a few, often ina- 
dequate figures are available (Brook, 1984). 

In two small pools in Sphagnum-bog in the French Jura a number of desmid 
taxa were encountered showing a remarkable morphological variation. In addi- 
tion, several rare taxa were found of which information concerning their varia- 
bility is self-evidently scarce. In the present paper a list is given of all taxa en- 
countered; 16 taxa are depicted and their morphology and taxonomy are dis- 
cussed. 

MATERIAL AND METHODS 

On the south-east border of Lac des Rousses (French Jura, alt. 1058 m), a 
boggy zone has developed which is traversed by several streamlets. Vegetation 
is characterized by Ericaceae and mosses («tourbiére à Sphaignes», see Allorge 
& Denis, 1919), with a.o. Calluna vulgaris, Vaccinium oxycoccus, Andromeda 
polifolia, Eriophorum spp., Drosera intermedia, D. rotundifolia and Sphagnum 
spp-, while on the edges of the bog and along the streamlets also Menyanthes 
trifoliata, Potentilla palustris, Parnassia palustris, Dactylorhiza maculata and 
Carex spp. occur. In this terrain several smaller and larger pools and hollows 
are situated. The material that is subject of the present study was collected 
on 20.07.1984 on two neighbouring sites : 
SITE 1.  Small pit, surface area about 1 m?, almost completely filled in with 

Sphagnum cuspidatum. 
SITE 2.  System of interconnected small pools, each measuring a few m?, 

with Menyanthes trifoliata and Drepanocladus exannulatus. 
At the time of sampling, the pools were nearly dried up and the material was 

collected by sgueezing out mosses and bottom deposits. Shortly after sampling 
the material was fixed with formaldehyde to a final concentration of about 
4 %. lt was examined light microscopically and drawings were made with the 
aid of a drawing tube. For SEM observation the samples were rinsed in distilled 
water, subsequently transferred to 1 % glutaraldehyde for one hour at room 
temperature, rinsed in double-distilled water, dehydrated in an alcohol series 
and critical-point dried with liquid CO. The material was finally gold-sputtered 
and examined with a Cambridge Stereoscan Mark 2A. 

OBSERVATIONS 

LIST OF DESMID TAXA ENCOUNTERED. 

In table I a complete list of desmid taxa encountered during the present 
study on sites 1 and 2, respectively, is given. Taxa discussed in the text are 
marked with an asterisk. Relative abundance : rr = very rare, r =rare, += regu- 
lar, c= common, cc= very common, 
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Mesotaeniacene 

Gylindrocystis brebisscnii (Menegh. ex Ralfs) De Pary - 
Netrium digitus (Ehr. ex Ralfs) Itzigs. & Rothe 

* Actinotaenium adelochendrum (ELfv.) Teil. 
 

A 
A. 

A 
A 
^ 
A. 
Pleurotaenium minutum (Ralfs) Delp. 
Tetnemorus brebissonii (Menegh.) Ralfs ex Ralfs var. minor De Bary 
T 

Gblongum (De Bary) Liitken, + 

acutum Breb. var. linea (Perty) M, & G.S. West  

Cucurbita (Breb.) Teil. 
geniculatum speo. nov. 
dnconspicum (W. & G.S. West) Teil. 
pinicolum Rosa 
silvae-nigrae (Rahan.) Kaum. & Coes. var, silvae-nigrae 
silvae-nigrae (Raban.) Kouw. & Coes. var, parallelum Krieg.) Kouw. & Coes. 
subtile (W. & 6.8. West) Teil. 

3345338552; 
laevis (Ralfs) Delp: 

Buastrum ampullaceum Ralfe - 

Cosrarium 

* Xanthidium tem 

Dinale (Turp.) Ehe. ex Ralfs var. gutwinskii (Schmidle) Hanf. + 
Subalpinun Neosik. 2 

moenum Eréb. in Ralf's = 
gymtonotophorun W. West e 
difficile Liven. - 
eciguun Arch, var. pressua W, & G.S. West 
obligum Nordst.  
peeudoexiguu Racib. m 

datum Lind. 
 Arch e 

sphagnicolun W, 4 6.5. West e 
pE  Nordst. - 
-Eruncatellum Perty 

imm (Arch.) Tum, d 
* Staurodesmus extensus (Anderss.) Teil. ec 

Teilingia 

glaber ((Ehr.) ex Ralfs) Teil. var. hirundinella (Messik.) Teil - 
cmearae (Arch.) Teil. 
Spencerianus (Mask.) Teil. 

brachiatum (Ralfs) ex falfs - 
ium Bréb. in Ralfs - 

furcatum (Ehr. ex Ralfs) Bréb. e 
hinsutum (Ehm.) ex Brib. in Ralfe 
hystrix Ralfs 
inconspicuum Nordst. 
margaritaceun (Ehr.) Menegh. ex Ralfs 
Grbiculare Ralfs ex Ralfs var. ralfsii W. & G.S. West 
polymorphum Bréb. var. divergens Nyg. 
punctulatum Bréb. in Ralfs var. pygraeum (Heéb. in Ralfe) W. 4 G.S. West 
scabrum Breb, in Ralfs r 
Simonyi Heiner? 
tetracerun Ralfe ex Ralfe var. irregilare (W. & G.S. West) Brook = 

s.i 

gronulata (Roy & Biss.) Bourn. ex Comp.  

Table I  List of desmid taxa found on sites 1 and 2, respectively. See also text. 
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Plate 1  Fig. 1 : Actinotaenium adelochondrum (Elfv.) Teil. var. adelochondrum. Figs. 2- 
6 : A. subtile (W. & G.S. West) Teil.  Figs. 7-9 : A. pinicolum Rosa.  Figs. 10-15 : A. 
geniculatum spec. nov. (fig. 10 iconotypus in both two different lateral views and in 
apical view).  Figs. 16-21 : Cosmarium pygmaeum Arch. (figs. 16-18 : facies 2; figs. 
19-21 : facies 3).  Figs. 22-23 : C. difficile Lütkem. facies 3.  Figs. 24-28 : C. sphagni- 
colum W. & G.S. West (figs. 24-2. jes 2; figs. 27-28 : facies 3). 
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CRITICAL REMARKS ON SOME SELECTED TAXA 

Actinotaenium adelochondrum (Elfv.) Teil var. adelochondrum 
Pl. 1, fig. 1. 
Notwithstanding the fact that A. adelochondrum is not really a rare species, 

only a very few adequate figures have been published and its morphological 
variability is poorly known (Rüzicka, 1981). According to Elfving (1881) the 
semicells of the nominal variety are gradually tapering towards a truncate, 
sometimes indented apex, which is confirmed by the corresponding figures (Elf- 
ving, l. c., fig. 13). The cell wall is provided with scattered, inconspicuous pores. 
In var. kriegeri (Messik.) R z., on the other hand, the apex is more rounded 
and gradually fading into the sides of the semicell. In addition is has on an 
average slightly smaller dimensions. However, intermediates between both 
varieties are known (R zi ka, 1981). 

In none of the reports published after Elfving (1881) that are assumed to 
refer to the nominal variety of A. adelochondrum, mention is made of a dented 
apex : the  mostly poor  figures always show more or less truncate apices 
(cf. Heimerl, 1891; West & West, 1904; Borge, 1936; Ruzicka, 1981). Krieger 

& Gerloff (1969) and. RüZicka (1981) report the regular presence of a ring of 
smaller, closer-set pores on either side of the isthmus. 

The nominal variety of A. adelochondrum was very rare in the material 
from site 2 (see pl. 1, fig. 1). The semicells are characterized by the slightly 
convexe sides and the truncate apex, Scrobiculae with pores are arranged scatte- 
red over the cell wall. In addition to isthmal pore-rings, a ring of slightly elon- 
gated scrobiculae is present just under the apex of the semicell. In the centre 
of the apex a dent with a large pore is visible (the apical ornament is best seen 
in top view). Cell length 41.5 - 51 um, diameter 19 - 20 um. At present it is not 
known whether the apical pore-ring is of a common occurrence in var. adelo- 
chondrum; its possible taxonomic value as a distinguishing character against 
var. kriegeri therefore as yet remains unknown. 

Actinotaenium geniculatum spec. nov. 
Pl. 1, figs. 10-15; pl. 6, figs. 1-2. 

In the samples from both pools a small and unknown desmid form was 
encountered. In frontal view the semicells are quadrate to rectangular in outline. 
The sides are sometimes slightly convexe or concave; the apex is strongly trun- 
cate and regularly has a central dent. In apical view the cells are circular, poin- 
ting to a relation with the genus Actinotaenium Teil. The most striking charac- 
ter of the present form, however, are the two semicells joining at an obtuse 
angle, giving the cell a bent («geniculate») appearance. The degree in which this 
character is visible, however, depends on the position of the cell in question 
(cf. pl. 1, fig. 10). The sinus is of an irregular shapes, but always shallow and 
widely dilated. In a few specimens it was visible that the cell contains but one 
chloroplast with one pyrenoid (pl. 1, fig. 11). SEM observation showed that the 
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cell wall is closely set with comparatively large scrobiculae with pores (pl. 6, 
figs. 1-2). Dimensions : length 6.5 - 9.5 um, diameter 4 - 5.5 um. 

The above discussed form is not identifiable with any of the desmid taxa 
published so far, so that it is described as a new species : 
Actinotaenium geniculatum Kouwets, spec. nov. 

Diagnosis : Cellulac parvulae; semicellulae cylindricae fronte conspectae, 
latitudine longitudinem fere aeguante, propemodum guadratae lateribus plerum- 
que leviter convexis vel concavis, apice valde truncato saepenumero excavatione 
centrali munito. Semicellulis angulo obtuso inter se connectis cellula infracta 
apparet. Sinus paulum excavatus et late apertus forma irregulari. Paries cellulae 
magnis scrobiculis poris munitis ornatus. 

Dimensiones : longitudo 6.5 - 9.5 um, diameter 4 - 5.5 um. 
Holotypus : figura nostra pl. 1, fig. 10. 
The bent cell shape forms no exception within the genus Actinotaenium : also 

A. incurvum (Gronbl.) Rino shows this character in a higher or less degree 
(Rino, 1972; compare also Closterium infractum Messik., see RüZicka, 1977). 

Actinotaenium pinicolum Rosa 
Pl. 1, figs. 7-9. 

A. pinicolum is characterized by a slight constriction just under the apex and 
it can hardly be confused with any other Actinotaenium species (Ruzicka, 
1981). It occurred sporadically in both pools investigated. The cell shape agrees 
fairly well with the figures in Rosa (1959) and Raticka (1981). The dimensions, 
however, are clearly smaller; length 12 - 14.5 um, diameter 5.5 - 6 uim, whereas 
Rääitka (1. .) gives 16 - 23 um and 7 - 9 um, respectively. Cell wall pores are 
not visible light microscopically. After the description by Rosa (1959), this 
species has never been reported in literature unambiguously : only Broady (1979) 
mentioned a cf. A. pinicolum, and judging from his figures his find represents 
a different species. Rosa (1959) found the species in the edaphon of pine-woods 
in South-Bohemia, at pH 4 - 4.6. It is not known whether in the jurassic study 
area it only occurred as a rare tychoplantic species, or also (maybe more abun- 
dantly) in the edaphon of the moorland surrounding the pools. 

Actinotaenium subtile (W. & G.S. West) Teil. 
Pl. 1, figs. 2-6. 
A. subtile is only seldom reported and figured in literature, and its variability 

is poorly known (R zi ka, 1981). The present author found the species in both 
pools investigated, as a very rare organism. Cell shape and dimensions are some- 
what variable. The apex is mostly rather broadly truncate (pl. 1, figs. 2-4) but 
sometimes rounded or slightly attenuated (pl. 1, figs. 5-6); a central dent is 
always present, Light microscopically, pores are only visible in optical section 
of the cell wall (pl. 1, fig. 3). Dimensions : length 15 - 20 Hm, diameter 10 - 
13 um. The morphology of most of our specimens indeed points to A. subtile, 
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but the differences with the egually rare species A. mooreanum (Arch.) Teil. 
are very small (cf. Räziöka, 1981). 

Cosmarium difficile Lütkem. 
Pl. 1, figs. 22-23. 
In the material under discussion the semicells of this species are more or less 

oval in outline, with maximal breadth on or just above the middle. The orna- 
mentation of horizontal rows of coarse pores is visible only occasionally (pl. 1, 
fig. 23). The sides sometimes appear slightly thickened (pl. 1, fig. 22). Dimen- 
sions : length 19 - 20 um, breadth 13 - 15 uim, which is about the lower limit 
given for this species by Krieger & Gerloff (1969). In apical view, however, 
the semicells are trigonal with concave sides and our material obviously repre- 
sents a triradiate form of the nominal variety of C. difficile, Similar forms have 
already been reported by Insam & Krieger (1936), as C. difficile forma trigonum, 
and by Grönblad (1942), as C. difficile var. interseptum (Jacobs.) Grönbl. forma 
triguetrum (cf. Krieger & Gerloff, 1969). Such triradiate morphae, however, 
that are known from a fair number of usually biradiate species should not be 
described as variety or forma and provided with a name of taxonomic value 
(Grönblad & Rüzicka, 1959). Our material therefore at best is classified as tri- 
radiate facies, or facies 3 (cf. Teiling, 1950, 1967; Ruzi ka, 1975a; see also 
discussion). The form was very rare on site 2; the biradiate facies was not en- 
countered at all. 

Cosmarium pygmaeum Arch. 
PI. 1, figs. 16-21. 

Characteristic biradiate specimens of the nominal variety of C. pygmaeum 
were collected on both sites in different numbers : site 1 +; site 2 :rr. They have 
a small, conical central papilla on their semicells, while the subapical granules 
usually are placed asymmetrically (pl. 1, figs. 16-18; cf. Kouwets, 1987). Dimen- 
sions : length 9 - 10 um, breadth 10 - 12 um, thickness 5 - 6 um. 

Together with these biradiate forms, however, triradiate specimens were also 
encountered (pl. 1, figs. 19-21), and they were even more common than the 
biradiate cells on site 1 : c; site 2 : rr. In apical view these specimens are trian- 
gular with concave sides provided with a very small central papilla. Dimensions : 
length 12 - 13 um, breadth 11.5 - 13 pm, which is slightly larger than the bira- 
diate form. The triradiate facies had not previously been reported in literature. 

Cosmarium spbagnicolum W. & G.S. West 
Pl. 1, figs. 24-28. 

The biradiate cells of the nominal variety of C. sphagnicolum, that were 
encountered in both pools (site 1 : c; site 2 : r), agree perfectly with the forms 
reported previously from the Auvergne (Kouwets, 1987). Dimensions : length 
9 - 12 um, breadth 10 - 12.5 um, thickness about 5 um (pl. 1, figs. 24-26). 

Besides these biradiate specimens, triradiate cells were regularly found on site 
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25 9 so um 
5-25 

Plate 2  Figs. 1-4 : Xanthidium tenuissimum (Arch.) Turn. (fig. 4 : two recently divided 
daughter cells).  Figs. 5-25 : Staurodesmus extensus (Anderss.) Teil. (figs. 5-23 : 
facies 2; figs. 24-25 : janus 2 +3). 

Source : MNHN Paris 
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2 (abundance : +), while these were not encountered in the material from site 
1. The cells are triangular in apical view with straight sides and rather acutely 
rounded angles. Dimensions are slightly larger than in the biradiate specimens : 
length 13 - 14 um, breadth 12 - 13 um. This triradiate facies had not previously 
been reported in literature. 

Xanthidium tenuissimum (Arch.) Turn. 
PI. 2, figs. 1-4. 

In the material collected on site 2, very rarely a small desmid was found 
that is reminiscent of X. tenuissimum (syn. : Arthrodesmus tenuissimus Arch.), 
and particularly of a form described by Dick (1926) as forma waldensis. This 
form differs from the nominal form by the presence of an extra spine on the 
angles of the semicell. Our material is very variable, however, especially as con- 
cerns number and length of the spines on the cell wall. Moreover, all specimens 
encountered are dichotypical. Some of the semicells are somewhat intermediate 
between the nominal form and forma waldensis (pl. 2, fig. 1, upper semicell) 
but one or more extra spines are almost always present along or just inside the 
margins of the angles. Occasionally one of the spines is forked (pl. 2, fig. 1, 
lower semicell). Dimensions, including spines : length 11 - 13 um, breadth 
13 - 16 pm; thickness, without spines, about 6 um. In the present author's 
opinion, forma waldensis falls within the range of variability of the nominal 
form, and therefore is considered synonymous with it. 

Staurodesmus extensus (Anderss.) Teil. 
PI. 2, figs. 5-25. 

Characteristic specimens of the nominal variety of S. extensus were found 
very scarcely on site 2 : rr (pl. 2, fig. 5). In addition, a few aberrant forms were 
encountered (abundance : r) but these, on the contrary, were very common 
on site 1 : cc. In most of these last mentioned anomalous forms the elongated 
isthmus is still more or less recognizable but the basal angles of the semicell 
show various intermediates between well developed and totally absent. The 
apical angles, however, are often extended and their spines sometimes reduced 
(pl. 2, figs. 6-16; two extreme forms are given on pl. 2, figs. 17 and 18). Dimen- 
sions of the cells, without spines : length 13 - 17 um, breadth 10 - 16 um, thick- 
ness 7 - 8 um; length of the spines up to 9 um). Such anomalous forms show 
resemblance to S. isthmosus (Heimerl) Croasd., a poorly known species, diffe- 
ring from S. extensus mainly in the gradual transition of its apical angles into 
the broad basis of the spines (Teiling, 1967). However, in most of the published 
figures classified as S. isthmosus by Teiling (l. c.) this character is very indistinct. 

A number of specimens possessed an additional spine on one or, more sel- 
dom, both of the upper or basal angles of the semicell (pl. 2, figs. 19-25). Besi- 
des, a very small number of cells was found with one biradiate and one triradiate 
semicell (pl. 2, figs. 24-25; = janus 2 + 3 sensu Teiling, 1950, 1967). In this 
connection the report of Grönblad (1942) of Staurastrum trigonum (Boldt) 
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Plate 3  Fig. 1-10 : Staurodesmus omearae (Arch.) Teil. (figs. 1-9 : facies 2; fig. 10 : facies 
3, two recently divided daughter cells).  Figs. 11-17 : S. spencerianus (Mask.) Teil. 
(figs. 11-15 : facies 2; figs. 16-17 : facies 3).  Fig. 18 : Staurastrum echinatum Breb. 
in Ralfs. 

Kossinsk., and its var. simplex Grönbl. is interesting. Teiling (1967) classified 
these forms under Staurodesmus isthmosus, together with a form depicted 
under Arthrodesmus incus (Bréb.) Hass. by Grönblad (1. c.) ! In my opinion, 

Source : MNHN Paris 
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however, these forms are identical with the present material; Grönblad (1. c.) 
found them in one and the same sample from a «Sphagnum Schlenke». Compare 
also the similar Arthrodesmus octocornis (Ehr. ex Ralfs) Arch. forma, in Grön- 
blad (1921). 

Staurodesmus omearae (Arch.) Teil. 
PI. 3, figs. 1-10. 

S. omearae (not : omearii; see RüZitka, 1973), was encountered on site 2 only 
(abundance : +). The material is characterized by its comparatively broad isth- 
mus which is one of the distinguishing marks of this species (cf. Archer, 1858). 
The apex is mostly straight though sometimes convexe or concave. The sides 
are straight to convexe, while some specimens show the tendency to develop 
a faint basal angle (pl. 3, figs. 5 and 8). Length and robustness of the spines are 
very different : in some semicells the spines are even totally absent (pl. 3, fig. 3). 
Most of the cells found are biradiate, but a very few triradiate cells are also en- 
countered (abundance : rr; pl. 3, fig. 10). Dimensions, without spines : 13-154m, 
breadth 10 - 14 um, thickness about 8 um; length of spines up to 11.5 um. The 
present material resembles the forms reported by Borge (1936). Compare also 
forma inflatus, described by Nygaard (1978, publication invalid : ICBN Art. 
37); this form, however, is slightly larger. Good figures of the triradiate facies 
of S. omearae are given by e.g. Ruzitka (1973) and Lenzenweger (1981, 1986). 

The little known and scarcely mentioned biradiate species S. quadratus 
(Schmidle) Teil. and S. boergesenii (Messik.) Croasd. are also very much resem- 
bling the material under study (cf, e.g. Croasdale & Grönblad, 1964). Both 
species are considered synonymous and classified as Arthrodesmus quadratus 
(Schmidle) Bicudo by Prescott, Bicudo & Vinyard (1982). Their possible syno- 
nymy with S. omearae needs to be investigated. 

Staurodesmus spencerianus (Mask.) Teil. 
PI. 3, figs. 11-17. 

A biradiate form of this taxon was very commonly encountered on site 2 
(abundance : cc), while the more «typical» triradiate facies was less common 
(+). The cells are characterized by their relatively slender isthmus and their 
acutely rounded sinus, which made them readily distinguishable from the co- 
occurring S. exfensus and S. omearae (see above; cf. also Förster, 1974). The 
apex is more or less concave; the upper angles are mostly slightly swollen. Length 
of spines is variable. The sides are concave, usually with a more or less pronoun- 
ced basal angle and a slight constriction in their middle (pl. 3, figs. 11-15). 
Dimensions, without spines : length 13 - 16 tm, breadth 13 - 17 um, thickness 
7 - 8 um; length of the spines 4 - 11 um. The triradiate forms agree fairly well 
with those reported from comparable sampling sites in the Auvergne (Kouwets, 
1987). The dimensions are a little bit small for this taxon; see, however, forma 
minor in Borge (1892; cf. also Teiling, 1967), and var. cruciatus (Krieg.) Teil. 
(cf. Grónblad, 1963). Possibly, these smaller forms represent a separate, acido- 
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Plate 4  Figs. 1-10 : Staurastrum furcatum (Ehr. ex Ralfs) Bréb.  Figs. 11-15 : S. mar- 
garitaceum (Ehr.) Menegh. ex Ralfs (fig. 11-12 : facies 4; figs. 13-14 : facies 3; fig. 15: 
facies 5; figs. 14-15 : apical view only). 

Source : MNHN Paris 
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philous taxon, which might often be confused with S. omearae : compare the 
figures of last mentioned species in e.g. Grönblad (1956) and Rüzitka (1972); 
see also Coesel & Hoogendijk (1975). 

Staurastrum echinatum Bréb. in Ralfs 
PI. 3, fig. 18. 

This rare taxon occurred in very small numbers on site 2, and unfortunately 
only one good figure could be made. The sinus is acute and widely dilated 
and the angles of the semicells are provided with a rather robust spine. The 
characteristic furcate spines on the apex, however, are small and sometimes 
simple. Dimensions are rather small ; the depicted cell measures 26 x 22 um, 
The present material agrees well with the emended description given by Hei- 
mans (1926), who cleared up the very confused taxonomy of S. echinatum 
using the original material collected by De Brébisson, and material collected 
by Beyerinck (cf. Beyerinck, 1926). As far as known, however, also after this 
thorough study no reports undoubtedly belonging to S. echinatum have been 
published (cf. Heimans, 1969). Conseguently the ecology of S. echinatum 
is poorly known. Beyerink (1. c.) found it in acid, oligotrophic environment 
among several taxa also found during the present study. S. echinatum is pro- 
bably closely related to the egually rare S. arnellii Boldt var. spiniferum W. & 
G.S. West (compare, e.g. Lenzenweger, 1982). 

Staurastrum furcatum (Ehr. ex Ralfs) Bréb. var. furcatum 
PI. 4, figs. 1-10. 

This taxon was encountered on both sampling sites in different numbers 
(see table 1). Both populations showed a similar morphological variability. 
All specimens observed are triradiate. In frontal view the shape of the semicells 
ranges from fusiform to trapeziform. The angles of the semicells are provided 
with at most one terminal and two apical spines, which may vary from comple- 
tely reduced to robust and curved or forked. The angles in addition are fre- 
quently encircled by small granules or spinules. Dimensions of the cells, without 
spines : length 21 - 25.5 wm, breadth 18 - 23 um. Our material agrees very well 
with that erroneously described under S. spinosum Bréb. ex Ralfs, by Péterfi 
(1973; cf. Compere, 1976). Almost all forms described by Péterfi (1. c.) from 
different populations were also found in each population of the present material. 
On the one hand, specimens strongly resembling «typical» S. furcatum occurred 
(pl. 4, fig. 7), on the other hand forms similar to the nominal variety of S. aci- 
culiferum (W. West) Anderss. were found (pl. 4, fig. 4). Last mentioned taxon 
is considered a variety of S. furcatum by Péterfi (1973), but the large number 
of intermediate forms in my opinion favours a synonymization, together with 
S. spicatum W. & G.S. West, and S. furcatum var. aculeatum Schmidle. The pre- 
sence of circles of granules around the angles of the semicells do not form a 
character with great taxonomic value, as was already stated by West, West & 
Carter (1923). S. furcatum prefers acid, oligotrophic environments, and the 
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Plate 5  Figs. 1-12 : Staurastrum simonyi Heimerl (figs. 1-9 : facies 3; figs. 10-12: facies 4). 
Figs. 13-15 : S. punctulatum Bréb. in Ralfs var. pygmaeum (Bréb. in Ralfs) W. & G.S. 
West. 

predominance of either the «furcatum» or the «aciculiferum» form might reflect 
slight environmental differences. 

Source : MNHN Paris 
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Staurastrum margaritaceum Ehr. ex Ralfs 
Pl. 4, figs. 11-15. 

In the present material from both sampling sites tri- and quadriradiate forms 
of this taxon were occurring in comparable though small numbers, while on a 
few occasions janus 314 forms were found. Only once a 5-radiate specimen was 
encountered (pl. 4, fig. 15). The length of the arms is rather variable; a quadri- 
radiate cell with very short arm is depicted on pl. 4, fig. 11, Pl. 4 fig. 14 shows 
a triradiate form with a rather strongly developed apical ornamentation. Dimen- 
sions of the cells : length 28 - 30 um, breadth 20 - 26 um. Originally, this species 
was described as being 5- to 7-radiate (cf. Ralfs, 1848). According to the present 
concept, however, in its most characteristic form it is guadriradiate (cf. Ruzi- 
Eka, 1975b; compare also Prescott, Bicudo & Vinyard, 1982), whereas tri-, 
5-, 6- or 7-radiate facies are only seldom reported (see, e.g., Croasdale & Grön- 
blad, 1964; Grönblad, 1956; Scharf, 1985). 

Staurastrum punctulatum Bréb. in Ralfs var. pygmaeum (Breb. in Ralfs) W. & 
G.S. West 
Pl. 5, figs. 13-15. 

The present material of this taxon, that was rarely occurring on site 2, agrees 
very well with the report of Ruzicka (1964). All specimens encountered are 
triradiate. A distinguishing character of var. pygmaeum is formed by the cell 
wall ornamentation consisting of small conical warts or spinules, whereas the 
nominal variety has only granules (West & West, 1911). Dimensions : length 
29 - 33 um, breadth 25 - 30 um. Of var. pygmaeum only a very few reports 
with good figures are available. Messikommer (1942) depicts a quadriradiate 
form : this facies is said to be relatively common in the variety concerned (cf. 
Rüzicka, 1964). 

Staurastrum simonyi Heimerl 
Pl. 5, figs. 1-12. 

Specimens of the «typical» form of this species, as described by Heimerl 
(1891), were encountered in small numbers on both sampling sites (pl. 5, fig. 1). 
They are characterized by two diverging terminal spines on the angles, and a 
crown of six paired spines on the apex of the triradiate semicells. The acute 
sinus is widely dilated outwards. The angles of the semicells are ornamented 
with two or three bands of small granules, in apical view giving the sides an 
undulated appearance (cf. Heimerl, 1891). In the studied material, however, 
S. simonyi appeared to be a very variable species, and most of the specimens 
encountered are more or less differing from the typical form. 

On site 1, the quadriradiate facies was more common than the triradiate 
facies (abundance : + and r, respectively). The guadriradiate specimens in frontal 
view show the same cell shape as the above mentioned typical triradiate form. 
The ornamentation with granules, however, is more or less reduced and in addi- 
tion one of the terminal spines sometimes is hardly or not developed. In apical 
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view the sides of the semicells are concave and 8 paired apical spines are always 
present. (pl. 5, figs. 8-11). Similar quadriradiate forms have previously been 
reported by Dick (1923, as S. monticulosum Bréb. ?) and Yamagishi & Isoda 
(1968). 

As concerns the triradiate specimens : apart from the above mentioned 
typical form, on the one hand forms were found that in apical view are more 
slender, with concave sides (pl. 5, fig. 2). On the other hand, however, a large 
number of forms were found with semicells that in frontal view are more or less 
semiglobose so that the sinus tends to be almost closed. Moreover, the apical 
spines are frequently somewhat reduced whereas the cell wall granules are most- 
ly developed into small spinules which at times are doubled. The terminal spines 
on the angles of the semicells are commonly reduced, and in extreme forms only 
a group of small spinules is present (pl. 5, figs. 5-7). These forms are connected 
with the typical form by intermediates (pl. 5, figs. 3-4). Dimensions of the cells, 
without spines : length 17.5 - 23 um, breadth 18 - 23 um. 

West (1899, under S. reinschii Roy, see Liitkemiiller, 1900) and Homfeld 

(1929) already pointed to the great variability of S. simonyi and the figures 
of West (l. c.) are very similar to the present material. In my opinion, var. 
gracile Lätkem., var. elegantius Grönbl. and var. spinosius Grönbl. fall within 
the morphological range of the nominal variety (cf. Lätkemäller, 1893; Grön- 
blad, 1920, 1948). Forms as depicted in pl. 5, fig. 7 are very much resembling 
those classified as S. arnellii Boldt var. spiniferum W. & G.S. West by Coesel 

Plate 6  Figs, 1-2 : Actinotaenium geniculatum spec. nov. SEM micrographs of two cells 
showing scrobiculae with pores on their wall. The cells are slightly deformed due to pre- 
paration. Scale bar represents 1  

Source : MNHN Paris 
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& Kooijman-Van Blokland (1976). Last mentioned taxon is poorly known 
and only a very few reports and figures are available (see also above, under S. 
echinatum). Intermediate forms between S. simonyi and S. arnellii var. spini- 
ferum, sensu Coesel & Kooijman Van Blokland (1.c.) have also been mentioned 
by Smit (1976). 

DISCUSSION 

During the present study in all 51 desmid taxa were encountered: 24 on site 
1 and 50 on site 2. 23 taxa were found on both sampling sites (see Table 1). 
Species composition on these sites is characteristic of acid and oligotrophic 
environment (cf. Coesel, 1975). Most of the taxa observed were present in their 
typical form and they showed no remarkable morphological variability. The 
find of several rare species with a poorly known morphology, however, gave 
occasion to some remarks. 

On the other hand, a proportionally higher number of taxa possessed a very 
variable morphology; moreover they belonged to the most common species in 
the material studied. Such morphological variation, or polymorphism, may be 
induced by environmental factors. At the time of sampling both sites were more 
or less desiccated so that the algal material at daytime was exposed to high 
irradiance (ultra-violet !) and high temperatures. Playfair (1910) and Ducellier 
(1915) already mentioned the occurrence of a marked morphological variability 
in desmids in such environments, which they attributed to the high cell division 
activity. According to Lefévre (1939), however, such aberrant or anomalous 
forms would rather be result of concentration of nutrients in desiccating pools. 
As can be seen from the figures, in the present material this variability does not 
always lead to the appearance of forms with a more simple morphology, or so- 
called «immature» forms, in which the semicells are not fully grown out to the 
typical form (cf. Ducellier, 1915). Evidently every single taxon reacts in its 
own way on suboptimal or changing environmental conditions. 

Those taxa in the material under study that showed a supposed morphologi- 
cal reaction to extreme environmental conditions did so by merely changing 
their cell shape (Actinotaenium subtile), by developing extra spines (Xanthidium 
tenuissimum, Staurodesmus extensus) or by developing a more compact cell 
shape with reduced or aberrant ornamentation (Staurastrum furcatum, S. 
simonyi). In one taxon cell morphology was sometimes so much different that 
one can rather speak of monstrous forms, in which the development of the 
semicells was completely disturbed (Staurodesmus extensus). Some taxa showed 
variation in the degree of radiation, and two types could be distinguished. One 
type occurred in e. g. Staurastrum margaritaceum which with similar dimensions 
was 3-, 4- or 5-radiate. The other type occurred in Cosmarium pygmaeum and 
C. sphagnicolum : their triradiate cells had larger dimensions than the biradiate 
ones. In the first type variation in radiation might be the effect of fluctuations 
in temperature, while in the second type diploidy is a possible explanation 
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(see Brook, 1981, for a review on this subject). Teiling (1950) pointed out 
that triradiate forms of normally biradiate taxa are particularly known from 
arctic-alpine environment. If our triradiate C. pigmaeum and C. sphagnicolum 
indeed refer to stable diploid clones, they must not be classified as triradiate 
facies. In that case they have to be described as a true triradiate variety of the 
species in question (cf. Grönblad & Rü%iéka, 1959; Rü%iéka, 1975a). Unfortu- 
nately no chromosome counts are available. In a few taxa, on the contrary, 
a reduction of the degree of radiation with respect to the typical form had taken 
place : Staurodesmus omearae, S. spencerianus, Staurastrum margaritaceum. A 
combination of both variation in cell shape and ornamentation, and in degree 
of radiation occurred in S. symonyi. 

ACKNOWLEDGEMENTS 

The author is much indebted to Dr. P.F.M. Coesel for his comments on the manuscript, 
and to Ms. H. Kooijman née van Blokland for making the SEM photographs. Ms. A.C. Ellis 
née Adam and Ms, B, Houtman née van Meverden are thanked for kindly providing the 
Jatin diagnosis. 

REFERENCES 

ALLORGE P. & DENIS M., 1919  Sur la répartition des Desmidiées dans les tourbi res 
du Jura francais. Bull. Soc. Bot. France 66 : LXXV-XCIII. 

ARCHER W., 1858  Supplementary catalogue of Desmidiaceac found in the neighbourhood 
of Dublin, with description and figures of a proposed new genus, and of four new 
species. Natur. Hist. Rev. (Proc.) 5 : 234-263. 

BEIJERINCK W., 1926  Over verspreiding en periodiciteit van de zoetwaterwieren in 
Drentsche heideslassen. Verh. Kon. Ned. Akad. Wetensch., Afd. Natuurk., Tweede 
Sect. 25 (2) 15-211. 

BORGE O., 1892  Chlorophyllophyceer fran Norska Finnmarken. Bih. Kongl. Svenska 
Vetensk,-Akad. Handl., Afd. III, 17 (4) : 3-15. 

BORGE O., 1896  Über die Variabilität der Desmidiaceen. Öfvers. Förh. Kongl. Svenska 
Vetensk.-Akad. 1896 (4) : 289-294. 

BORGE O., 1936  Beiträge zur Algenflora von Schweden. 5. Süsswasseralgen aus den 
Stockholmer Scháren. Ark. Bot. 28A (6) : 1-58. 

BROADY P.A. (1978) 1979  The terrestrial algae of Gler rdalur, Akureyri, Iceland. Acta 
Bot. Islandica 5 : 3-60. 

BROOK A.J., 1981  The biology of desmids. Botanical Monographs Vol. 16, Blackwell 
Scientific Publications, Oxford, London, Edingburgh, Boston, Melbourne, 276 p. 

BROOK A.J., 1984  Comparative studies in a polyphyletic group, the Desmidiaceae - 30 
years on. In IRVINE D.E.G. & JOHN D.M, (Eds), Systematics of the green algae. Sys- 
tematics Association Special Volume No. 27, Academic Press, London and Orlando, 
pp. 251-269. 

COESEL P.F.M., 1975  The relevance of desmids in the biological typology and evalua- 

Source : MNHN Paris 



DESMIDS FROM THE FRENCH JURA 307 

tion of fresh waters. Hydrobiol. Bull, 9 (3) :93-101. 
COESEL P.F.M. & HOOGENDIJK E.M.G., 1975  Bijdragen tot de kennis der Nederlandse 

Desmidiaceeénflora. 2, Desmidiaceeén uit het Mosterdveen. Gorteria 7 (8) : 123-128. 
COESEL P.F.M. & KOOIJMAN-VAN BLOKLAND H., 1976  Bijdragen tot de kennis der 

Nederlandse Desmidiaceeénflora, 4. De leemputten bij Staverden. Gorteria 8 (4) : 61-69. 
COMPERE P., 1976  Observations taxonomigues et nomenclaturales sur quelques Desmi- 

di es (Chlorophycophyta) de la region du lac Tchad (Afrique centrale). Bull. Jard. 
Bot. Natl. Belgigue 46 (3/4) : 455-470. 

CROASDALE H. & GRÖNBLAD R., 1964  Desmids of Labrador 1, Desmids of the south- 
eastern coastal area. Trans. Amer. Microscop. Soc. 83 (2) : 142-212. 

DICK J., 1923  Beiträge zur Kenntnis der Desmidiaceen-Flora von Süd-Bayern. Bot. 
Arch. 3 (4) : 214-236. 

DICK J., 1926  Beiträge zur Kenntnis der Desmidiaceen-Flora von Süd-Bayern III. Folge : 
Oberschwaben (bayr. Allgäu). Kryptogam. Forsch. 7 : 44-454. 

DUCELLIER F., 1915  Contribution à l'étude du polymorphisme et des monstruosites 
chez les Desmidiacées. Bull. Soc, Bot. Geneve 7 : 75-118. 

ELFVING F., 1881  Anteckningar om Finska Desmidi er. Acta Soc. Fauna Flora Fenn. 
2(2):147. 

FORSTER K., 1970  Beitrag zur Desmidieenflora von Süd-Holstein und der Hansestadt 
Hamburg. Nova Hedwigia 20 : 253-411. 

FORSTER K., 1974  Amazonische Desmidieen 2. Teil : Areal Man s-Abacaxis. Amazonia- 
na 5 (2) : 135-242. 

FRITSCH F.E. , 1953  Comparative studies in a polyphyletic group, the Desmidiaceae. 
Proc. Linn, Soc, London 164 : 258-280. 

GERRATH J.F., 1983  Polymorphism in the desmid Staurastrum pentacerum (Wolle) 
G.M, Smith, Brit. Phycol, J. 18 : 141-150. 

GRONBLAD R., 1920  Finnlindische Desmidiaceen aus Keuru. Acta Soc. Fauna Flora 

Fenn. 47 (4) : 1.98. 
GRONBLAD R., 1921  New desmids from Finland and Northern Russia with critical 

remarks on some known species. Acta Soc. Fauna Flora Fenn. 49 (7) : 5-78. 
GRÖNBLAD R., 1942  Algen, hauptsächlich Desmidiaceen, aus dem finnischen, norwe- 

gischen und schwedischen Lappland. Mit Berücksichtigung der Organismen des Phyto- 
planktons und des Zooplanktons. Acta Soc. Sci. Fenn., Nova Series B, 2 (5) : 1-46. 

GRONBLAD R., 1948  A list of desmids and plankton-organisms from the surroundings 
of Velikaja Guba (Suurlahti) in East-Carelia (Onega), Soc, Sci, Fenn., Comm, Biol, 
10 (5) :1-12. 

GRONBLAD R., 1956  Desmids from the United States, collected in 1947-1949 by Dr. 

Hannah Croasdale and Dr. Edwin T. Moul, Soc. Sci. Fenn., Comm. Biol. 15 (12) ; 3-37 

GRÖNBLAD R., 1963  Desmids from Jämtland, Sweden and adjacent Norway. Soc. 
Sci. Fenn., Comm. Biol. 26 (1) : 1-43. 

GRÖNBLAD R. & RUZICKA J., 1959  Zur Systematik der Desmidiaceen. Bot, Not, 
112 : 205-226. 

HEIMANS J., 1926  A propos du Staurastrum echinatum Bréb. Recueil Trav. Bot. Néerl. 
23 :73-93. 

HEIMANS J., 1969  Ecological, phytogeographical and taxonomic problems with desmids. 
Vegetatio (Acta Geobot.) 17 (1-6) :50-82. 

Source : MNHN, Paris 



308 F.A.C. KOUWETS 

HEIMERL A., 1891  Desmidiaceae alpinae. Beiträge zur Kenntnis der Desmidiaceen des 
Grenzgebietes von Salzburg und Steiermark. Verh. K.-K. Zool.-Bot. Ges. Wien 16 : 587- 
609. 

HOMFELD H., 1929  Beitrag zur Kenntnis der Desmidiaceen Nordwestdeutschlands 
besonders ihrer Zygoten. Pflanzenforschung 12, Gustav Fischer Verlag, Jena, 96 p. 

INSAM J. & KRIEGER W., 1936  Zur Verbreitung der Gattung Cosmarium in Sädtirol. 
Hedwigia 76 : 95-113. 

KOUWETS F.A.C., 1984  The taxonomy, morphology and ccology of some smaller 
Euastrum species (Conjugatophyceae, Desmidiaceae). Brit. Phycol. J. 19 : 333-347. 

KOUWETS F.A.C., 1987  Desmids from the Auvergne (France). Hydrobiologia 146 : 
193-263. 

KRIEGER W. & GERLOFF J., 1969  Die Gattung Cosmarium. Lief 3/4. J. Cramer Verlag, 
Weinheim, pp. 241-410. 

LEFEVRE M., 1939  Recherches expérimentales sur le polymorphisme et la tératologie 
des Desmidiées. Encyclopédie Biologique 19, Jouvé & Cie, Paris, 42 p. 

LENZENWEGER R., 1981  Zieralgen aus dem Hornspitzgebiet bei Gosau - Teil I. Naturk. 

Jahrb, Stadt Linz 27 : 25-82. 
LENZENWEGER R., 1982  Zieralgen aus dem Hornspitzgebiet bei Gosau - Teil II. Naturk. 

Jahrb. Stadt Linz 28 : 261-270. 
LENZENWEGER R., 1986  Beitrag zur Kenntnis der Zieralgen der Nördlichen Kalkalpen 

Österreichs (Steiermark). Arch, Hydrobiol., Suppl. 73 (1) :93-122. (Algol. Stud. 42). 
LUTKEMULLER )., (1892) 1893  Desmidiaceen aus der Umgebung des Attersees in Ober- 

österreich. Verh. K.-K, Zool,-Bot. Ges. Wien 42 : 537-570. 
LÖTKEMÖLLER J., 1900  Desmidiaceen aus der Umgebung des Millstättersees in Karn- 

ten. Verh. K.-K. Zool.-Bot. Ges. Wien 50 : 60-84. 

MESSIKOMMER E., 1942  Beitrag zur Kenntnis der Algenflora und Algenvegetation 
des Hochgebirges um Davos. Beitr. Geobot. Landesaufn. Schweiz 24 : 1-452. 

NYGAARD G., 1978  Freshwater phytoplankton from the Narssaq Area, South Green- 
land. Bot. Tidsskr. 73 (3/4) : 191-238. 

PÉTERFI L.S., 1972  Variability of Sfaurastra in natural populations with remarks on its 
taxonomic and nomenclatural implications. Rev, Roum. Biol., Bot. 17 (1) : 19-28. 

PÉTERFI L.S., 1973  Studies on Romanian Staurastra. 1. Variability and taxonomy of 
Staurastrum spinosum [Brébisson] Ralfs. Nova Hedwigia 24 : 121-144. 

PLAYFAIR G.l., 1910  Polymorphism and life-history in the Desmidiaceae. Proc. Linn. 
Soc. N.S. Wales 35 (2) : 459-495. 

PRESCOTT G.W., BICUDO C.E.M. & VINYARD W.C., 1982  A synopsis of North Ame- 
rican Desmids, Part II. Desmidiaceae : Placodermae Section 4. University of Nebraska 
Press, Lincoln & London, 700 p. 

RALES J., 1848  The British Desmidieae. Reeve, Benham, and Reeve, London, XXII + 
226 p. 

RINO J.A., 1972  Contribugao para o conhecimento das algas de aguas doce de Mogam- 
bique. III. Rev. Cienc. Biol. Univ. Lourenço Marques, Sér. A, 5 : 121-264. 

ROSA K., 1959  Actinotaenium pinicolum species nova. Preslia 31 : 377-380. 

RUZICKA )., 1964  Desmidiaceen der feuchten Felsen in der Hohen Tatra. Fragm. Florist. 
Geobot. 10 (1) : 103-119. 

RUZICKA J., 1972  Die Zieralgen der Insel Hiddensee. Arch, Protistenk.114 : 453-485. 

Source : MNHN Paris 



DESMIDS FROM THE FRENCH JURA 309 

RÜZICKA J., 1973  Die Zieralgen der Naturschutzgebietes «ReZabinec» (Südbóhmen). 
Preslia 45 : 193-241. 

RUZICKA J., 1975a  Über einiger ganz alltägliche Probleme der Desmidiologie und der 
Desmidiologen. Beih. Nova Hdwigia 42 : 259-273. 

RUZICKA J., 19775b  Desmidiales. In HINDAK F. (Red), Kl'uc na urcovanie. Vytrusnych 
rastlin. I. diel, Riasy, Slovenské pedagogické nakladatel stvo, Bratislava, pp. 308-344. 

RUZICKA J., 1977  Die Desmidiaceen Mitteleuropas. Band 1, 1 Lieferung. E. Schweizer- 
bart'sche Verlagsbuchhandlung, Stuttgart, VI +1-291 p. 

RUZICKA J., 1981  Die Desmidiaceen Mitteleuropas. Band 1, 2 Lieferung. E. Schweizer- 
bart'sche Verlagsbuchhandlung, Stuttgart, 293-736 p. 

SCHARF W., 1985  Vergleichende Betrachtungen zur Zieralgenflora der Eifelmaare. 
Arch. Hydrobiol., Suppl. 71 (4) : 549-602. (Algol. Stud. 41). 

SMIT H.D.W., 1976  Desmidiaceeön i zuid-west Drente. Veranderingen in de Desmidia- 
ceeénflora van een aantal Drentse vennen gedurende de laatste vijftig jaar. Report nr. 35, 
Hugo de Vries-Lab., Univ. of Amsterdam, 106 p. 

SORMUS L. & BICUDO C.E.M., 1974  Polymorphism in the desmid Micrasterias pinnati- 
fida and its taxonomical implications. J. Phycol. 10 : 274-279. 

SOUTH G.R., 1984  Taxonomic implications of morphometric variation in a bloom popu- 
lation of Euastrum didelta (Chlorophyta : Desmidiaceae). Phycologia 23 (1) : 47-52. 

TEILING E., 1950  Radiation of desmids, its origin and its consequences as regards 
taxonomy and nomenclature. Bot. Not. 1950 (2) : 299-327. 

TEILING E., 1967  The desmids genus Staurodesmus, A taxonomic study. Ark. Bot. 
6 (11) :476-626. 

WEST G.S., 1899  On variation in the desmidieae, and its bearings on their classification. 
Linn. Soc. J. Bot. 24 : 366-416. 

WEST W. & WEST G.S., 1904  A monograph of the British Desmidiaceae, Vol. 1 Ray 
Society, London, 224 p. 

WEST W. & WEST G.S., 1912  A monograph of the British Desmidiaceae, Vol. 4. Ray 
Society, London, 191 p. 

WEST W., WEST G.S. & CARTER N., 1923  A monograph of the British Desmidiaceae, 
Vol. 5. Ray Society, London, XXI +300 p. 

YAMAGISHI T. & ISODA Y., 1968  Desmids from the Sphagnum-bogs of Mt. Naeba. 
Gen. Educ. Rev., Coll. Agric. & Vet. Med., Nihon Univ., 4 : 61-78. 

Source : MNHN Paris 


